Background: To study the parameters of out-of-hospital cardiac arrest (OHCA) patients to improve the return of spontaneous circulation (ROSC) rate during resuscitation. Methods: Records of 112 consecutive non-traumatic OHCA cases from January 1, 2007 to June 30, 2007 in a medical center in north Taiwan were retrospectively analyzed. We excluded 15 cases with missing laboratory data. Data of the 97 enrolled cases included age, clinical experience of the doctor (in years), arterial blood gas (ABG) pH, PaCO 2 (mmHg), hemoglobin, glucose, creatinine and potassium, and were analyzed by the statistical software SPSS version 11.5.0. We calculated the odds ratio (OR) of ROSC and the Pearson's correlation coefficient to evaluate the optimal parameters for ROSC. Results: Multivariate analysis of ROSC in OHCA patients showed that an ABG pH > 7.10 (OR, 1.33), age of 65 years and older (OR, 1.76), and glucose > 110 mg/dL (OR, 1.33) were associated with ROSC. PaCO 2 > 45 mmHg (OR, 0.76), potassium > 5.3 mEq/L (OR, 0.81), and creatinine > 1.3 mg/dL (OR, 0.86) were associated with nonachievement of ROSC. We used the regression method for curve estimation, and found that an ABG pH > 7.178, serum glucose < 385.9 mg/dL, and PaCO 2 < 29.2 mmHg were associated with achievement of ROSC. Conclusion: Less acidosis, less hypercarbia and less hyperkalemia predispose to achievement of ROSC. This study suggests values of the parameters (pH > 7.178, PaCO 2 < 29.2 mmHg, glucose < 385.9 mg/dL) to aim for during resuscitation of OHCA patients.
Introduction
In order to determine the factors associated with an improved success rate of return of spontaneous circulation (ROSC) of out-of-hospital cardiac arrest (OHCA) cases, we retrospectively analyzed 145 consecutive OHCA patients in a 6-month period from January 1, 2007 to June 30, 2007 in a medical center in north Taiwan.
We enrolled 112 non-traumatic OHCA cases and collected data on important parameters including arterial blood gas (ABG) and biochemistry to calculate the odds ratio (OR) of factors affecting ROSC, and to determine the optimal values for achieving ROSC.
There have been several studies investigating the factors associated with successful cardiopulmonary resuscitation (CPR) and ROSC in non-traumatic OHCA cases. Most analyzed is prehospital resuscitation, such as an early phone call for the ambulance, bystander CPR, presentation with ventricular fibrillation or tachycardia, medication, and the formal and structured emergency resuscitation care. Determinant factors of ROSC, such as relatively lower acidosis and lower hypercarbia, are well known. There are no reports studying other laboratory 
Results
The mean age of the patients from the 97 OHCA cases was 71.2 ± 17.2 years (range, 28-99 years), and 42.3% (n = 41) achieved ROSC during or after resuscitation. The mean values of the parameters were as follows: ABG pH, 6.936 ± 0.208 (range, 6.26-7.51); PaCO 2 , 75.3 ± 37.1 mmHg (range, 17.3-200.5 mmHg); Hb, 11.3 ± 3.3 mg/dL (range, 1.2-18.3 mg/dL); glucose, 232.2 ± 146.6 mg/dL (range, 6-727 mg/dL); potassium, 6.7 ± 2.6 mEq/L (range, 1.1-14 mEq/L); creatinine, 2.36 ± 1.75 mg/dL (range, 0.4-9.9 mg/dL). ED physicians had from 1 to 11 years of practice with a mean of 5.4 ± 2.3 years (Table 1) .
Values for an ROSC OR > 1 were: age > 65 years (OR, 1.76), ABG pH > 7.1 (OR, 1.33), and glucose > 110 mg/dL (OR, 1.33). Values for an OR < 1 were: creatinine > 1. Table 2) .
Using the regression method for curve estimation, we found that pH > 7.178, PaCO 2 < 29.2 mmHg, and glucose < 385.9 mg/dL were all important parameters for achieving ROSC (Figures 1, 2 and 3) . Interestingly, we also found that ED physicians with 6-7 years of experience had the best OR of ROSC, namely 0.937 ( Figure 4) .
We found that the higher the level of serum potassium, the lower the OR. The relationship of OR to serum potassium is shown in Figure 5 .
Pearson analysis was used to establish the correlations between the parameters ABG pH, potassium, CO 2 , glucose and years in practice, and ROSC. Of these, ABG pH (r = 0.997, p = 0.046), potassium (r = -0.984, p = 0.002) Figure 6 ).
Discussion
Several published articles have discussed the factors associated with successful CPR and ROSC in nontraumatic OHCA cases. Most studies analyzed the prehospital resuscitation 1 , such as early phone call for the ambulance 2 , bystander CPR, presentation with ventricular fibrillation or tachycardia 3, 4 , medication 5, 6 , no evidence of hepatic portal venous gas 7 and formal and structured emergency resuscitation 8 . Determinant factors for ROSC 9, 10 , i.e., relatively less acidosis, less hypercarbia and normokalemia. were found in this study.
In the analysis of the OR of ROSC, we found that a pH > 7.1 positively influenced ROSC, (OR, 1.33), while PaCO 2 > 45 mmHg negatively influenced ROSC (OR, 0.76).
In 1995, Idris et al. 10 conducted an animal study and concluded that both hypoxia and hypercarbia independently had an adverse effect on resuscitation from cardiac arrest. Maintaining adequate ventilation, and lowering the carbon dioxide pressure in the arterial blood aids the ROSC. Another analysis of ABG during A pH > 7.178 was more likely to be associated with ROSC. reported that arterial base excess was higher in survivors than non-survivors after CPR. In the Pearson analysis, ABG pH was significantly correlated with ROSC (r = 0.997, p = 0.046). The optimal ABG pH during resuscitation was 7.178, as shown by regression analysis. Thus, we have a new aim in future while resuscitating OHCA patients: to supply NaHCO 3 to achieve a pH > 7.178, and increase the possibility of ROSC. We presumed that more catecholamine was released into the systemic circulation in the ROSC group than in the non-ROSC group prior to cardiac arrest, but this still needs to be established. In 1986, an animal study showed that potassium is released from cells during ischemia 12 . We suggest that the longer the duration of cardiac arrest, the higher the level of potassium, resulting in more difficulty for ROSC. This corresponds with our study result, as elevated potassium significantly lowers the chance of ROSC, as shown by Pearson analysis (r = -0.984, p = 0.002). For ROSC to occur after resuscitation, the hyperkalemic status of patients should be corrected. There is no published article reporting the relationship between serum glucose and ROSC. In our study, a serum glucose > 110 mg/dL had an OR of 1.33 for ROSC compared with serum glucose ≤ 110 mg/dL. This implies that OHCA patients need more glucose while they are being resuscitated. From regression analysis, we found that serum glucose > 385.9 mg/dL may lower the OR of ROSC. OHCA patients with renal insufficiency had an OR of 0.86 for ROSC, indicating that patients with normal renal function had a higher rate of ROSC. This is also a new concept, which no article has reported before. Medicine is a field that requires the accumulation of experiences. Here, we have an interesting result: ED physicians with 6-7 years of experience are better at resuscitation and have a higher ROSC rate. This is compatible with medical education and training in Taiwan.
No article has mentioned this before either.
In conclusion, this study corresponds with our current perceptions of resuscitation of non-traumatic OHCA cases. Less acidosis, less hypercarbia, and less hyperkalemia predispose ROSC. This is the reason why adequate ventilation and administration of calcium gluconate and sodium bicarbonate play an important role in providing suitable conditions during resuscitation. New targets for parameters as established in our study are: pH > 7.178, PaCO 2 < 29.2 mmHg, and serum glucose < 385.9 mg/dL. These are optimal values to achieve ROSC.
